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Abstract

The cryogenic C-band photocathode RF-gun operating at 20 K is under development at LEBRA in Nihon University.
The RF-gun is of the BNL-type 2.6-cell pillbox cavity with the resonant frequency of 5712 MHz. The 6N8 high purity
OFC copper (corresponding to RRR-3000) is used as the cavity material. From the theoretical evaluation of the
anomalous skin effect, the quality factor Q of the cavity at the operating temperature of 20K has been expected to be
approximately 60000. Considering a low cooling capacity of the cryogenic system, initial operation of the RF gun is
assumed at a duty factor of 0.01%. The cavity basic design and the beam bunching simulation were carried out using
Poisson Superfish and General Particle Tracer (GPT). Machining and diffusion bonding of the cavity was carried out in
KEK. The Qo value of the m-mode resonance at the room temperature (23.5 °C) deduced from the Smith chart was
approximately 11440 after diffusion bonding.
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Figure 2: Temperature dependence of the theoretical
surface resistance of RRR = 3000 copper cavity at 5712
MHz.
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Table 1: Specifications for the 2.6-cell 20 K Cryo-Cooled
Photocathode RF Gun

RF frequency 5712 MHz
Source peak RF power 4 MW
00 60000 @ 20 K
11000 @ 293 K
Shunt impedance S50 @20K MQ/m
103 @293 K  MOQ/m
Coupling coefficient 20
Cavity length 68.2 mm
RF pulse duration 2 us
RF pulse repetition rate 50 Hz
Maximum field on axis 95 MV/m
Maximum wall loss 0.73 MW
RF duty factor 0.01 %
Maximum beam charge 0.5 nC/bunch
Laser pulse repetition rate 357 MHz
Laser pulse length 10-20 ps
Maximum beam energy 3.5 MeV
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Figure 3: Cross-sectional view of the 2.6 cell test cavity
(setup for field measurement).
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Figure 4: The m-mode electric field by the Superfish
simulation. (a)Electric filed, (b) On-axis electric field
intensity distribution ( electric field average : 70 MV/m)
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Figure 5: The example of beam simulation by GPT. (a)
Beam trajectory, (b) Beam energy.
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Figure 6: The resonance spectrum and dispersion relation
of the 2.6-cell cavity.
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Figure 7: The n-mode electric field distribution of the
simulation by Superfish and bead-pull measurement.

EIRIZ 10 FEHEGE TV, BHE T — Z M EE2 1T -
TD, EOYHEE RO, WERMEE Figure 7
T, BANNET —4 ., #hifE23 Superfish DFHHE
R AR LTS, Superfish DFE R TIX /0 =376 Q
TholZ Lb, FHICEDBRNAINE E—X
DY A X (P2 mm) % HIE IO dhfp 2 H
LThd, LMD 0.6 FvET 4 —H/LETE
SREESEHRAE & i L. K 10% KT L TWD 2, i

WITIZT v T T AR D D10, TOFBEEZT,
BERFLTVS L2 BNG, ZOMOMETIE,

FHEMREIZE-ELTED,
BFEHRTWD EEZBND,

B Y OES AR

PASJ2014-SAP034

6. F&O

SAOARIRFFE, WHRFOZZRMFFEOREI NS, 20
K BREFE THHILE 2.6 B 7 T A A ICatme &
BEFHOAERFI L, ZICHESE B LR
FEAEIEZ DN TORF « B0 EMAGFEEZITH
BIEEIT o 70, JEHURE G O EIRICE T D HIER R
Mo, Fa—F—fEENEIREE T, 23.5 CHER
DT E B EN I« T — FIRE K 5692.601
MHz 2357z, £/, Qo lE 11440 TH Y | 1FIF
JEHEY ThHhot-, E—X 7 NIEIC L BEERSAH
ETHIZITFHEBY OBRABPELNLTND Z L Ak
BT,

ASBITIEBEES L2 %E 20 K £ THEITLZER
O IR OB O, O HOWE, RF AT
MEAEROKRE, BIEZITH> TETH D,

e

ARBFFEBASE L, SRR Pk 25 4R Dt - &
TREGEHEN R T e 7T 5] © D - &FE—
LEAN OFREG « EEEEHE D T2 D O AR EANBATE ) D
XA EZ T T,

SE Xk

[11 7 AU A ES AR FEET NIST 7 — # N — X,
http://cryogenics.nist.gov/MPropsMAY/OFHC%20Copper/
OFHC Copper_rev.htm

[2] G. E. H. Reuter and E. H. Sondheimer: “The Theory of the
Anomalous Skin Effect in Metals”, Proc. the Royal Society
of London A, Mathematical and Physical Sciences, 195,
1042(1948), pp. 336-364

[3] http://laacg.lanl.gov/laacg/services/download_sf.phtml

[4] http://www.pulsar.nl/gpt

-551-



